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SAMPLER FOR ELIMINATING PARTICLE 
RELATED ARTIFACTS FOR FLUE GAS 

MEASUREMENT 

The present application is based on and claims the 
priority on Us. provisional patent application Serial No. 
60/200,153, ?led Apr. 26, 2000, the content of Which is 
hereby incorporated by reference in its entirety. 

Developments described in this application Were made in 
part under grant number DE-FG02-99ER86087 and the 
United States Government has certain rights to this inven 
tion. 

BACKGROUND OF THE INVENTION 

The present invention relates to a sampler that Will 
remove ?ue gases from stacks, such as from coal ?red poWer 
plants, and remove particulate matter from the gases so that 
the remaining sample can be analyZed accurately for the 
presence of mercury, in particular, as Well as other gases. 

Mercury is a signi?cant environmental concern because 
of its toxicity, persistence, and bio-magni?cation in the food 
chain. The chemical form of mercury found in ?ue gases 
heavily in?uences its behavior in control devices and its 
environmental impact. Therefore, the measurement of mer 
cury in its major chemical and physical forms in ?ue gases, 
preferably in real time, is central to ef?cient design of any 
mercury control device, to understanding the behavior of 
mercury in the environment, and to the rational regulation of 
mercury emissions. Various investigators have presented 
critical revieWs of the importance and difficulty of making 
reliable measurements of the concentration and speciation of 
mercury in ?ue gases. There has been no sampler that 
insures that a sample of ?ue gas remains essentially 
unchanged as it traverses the sampling lines to the analyZer. 
Particulate matter in the ?ue gas affects the chemical form 
of mercury in such gas and its distribution betWeen gaseous 
and particular components of ?ue gas. It is noW recogniZed 
that separating out the particulate matter from the ?ue gas is 
a Way of insuring that accurate sampling and analysis can 
take place. 

In some instances, ?lters, cyclones, and cascade impac 
tors Will capture and even siZe fractionate particles in ?ue 
gases, and these have been shoWn to improve the quality of 
mercury data. 

After a relatively short While, these devices reach their 
capacity for particles and have to be manually cleaned or 
replaced. Hence they are unsuitable for continuous and/or 
real time mercury monitoring in a commercial setting. One 
fundamental limitation of cyclones, impactors, ?lters, dif 
fusion batteries, electrostatic precipitators and similar 
devices is that particles accumulate in these devices. Not 
only does the fresh ?ue gas pass over the accumulated 
particles, distorting the measurement of both the particle 
bound and gaseous mercury species, but the devices do have 
to be periodically cleaned. 

In order to overcome these dif?culties. The present inven 
tion discloses a variation of a virtual impactor for sampling 
?ue gases, and removing particulate matter from a How of 
gases provided to an analyZation instrument, such as a 
mercury Chemical Environmental Monitor (CEM). Virtual 
impactors, that have high capacity, are knoWn for sampling 
particles in the atmosphere, for example, and US. Pat. No. 
4,670,135 illustrates such a device. 

SUMMARY OF THE INVENTION 

The present invention relates to a sampler mounted Within 
a ?ue for sampling ?ue gases and removing particulate 
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2 
material from a How sample of the gas Which is then 
provided to a an exterior chemical analyZation instrument. 
The removal of the particles insures that the gaseous 
chemicals, such as mercury, Will not change species or 
concentration, because in?uences from the chemical 
makeup of the particles is removed. 
The present invention uses an opposing jet virtual impac 

tor concept, to disengage the particulate matter in the gas 
stream and accumulate no particulate matter in the sampling 
device itself. The virtual impactor in the preferred form has 
been modi?ed to insure that the noZZles and How passages 
used are maintained particle free substantially at all times. If 
it is desired that a cleaning cycle should be used, the 
cleaning can be done easily and automatically With com 
pressed air and Without replacement of components or parts. 

The virtual impactor sampler reduces the pressure drop 
that is associated With many other samplers, and substan 
tially reduces the inadvertent deposition of unWanted par 
ticles on the internal surfaces of sample. The virtual impac 
tor uses inlet noZZles aligned With receiver noZZles or tubes 
into Which particles are inertially discharged. While the 
major gas How is diverted to a separate ?oW path, the 
sampler has tWo stages of particle separation, in a preferred 
embodiment shoWn. The use of a single stage is feasible 
Where there is a loW loading of tale sample, and the 
additional second stage insures the virtual impactor is use 
able With both high loading and loW loading applications 
and a Wide range of ?ue gas particle siZe distributions. The 
sampler is quite compact, and it can be mounted in the ?ue 
or stack. The outlet from the sampler for the cleaned or 
particle free gas is connected to a pump that caused a How 
of the gas sample through the analyZation instrument, or 
mercury CEM that is used in the disclosed embodiment. 
The cleaning of the sampler is achieved by utiliZing 

compressed air jets in the exhaust passageWays in the 
sampler body that carry the removed particles from receiver 
tubes. A high velocity jet ?oWs across receiver passageWays 
that carry the inertially separated particles, insuring that the 
particles Will be discharged immediately and under suf?cient 
pressure to avoid deposition of the particles on passageWay 
surfaces, or on components of the virtual impactor. The jet 
causes a minor How of gas through the receiver tubes. 

A second form of the invention can be used With valves 
in the particle exhaust passageWays that Will close momen 
tarily so that the compressed air Will back?ush the receiver 
passageWays and if desired the inlet noZZles and passage 
Ways of the virtual impactor. 

The analyZation instrument can be any desired conven 
tional instrument. The virtual impactor sampler provides a 
substantially particle free gas for analyZation so that accu 
rate determinations of the chemicals being analyZed is 
obtained. 

In operation, it has been found that the virtual impactor of 
the present invention accumulates no signi?cant particulate 
matter and leaves both elemental mercury and mercury 
chloride unperturbed When sampling ?ue gases. 
The impactor is capable of operating under elevated 

temperatures, that are commonly found in coal ?red poWer 
plant stacks or ?ues, for example, temperatures in the range 
of 300° F. can be handled. The compressed air that is utiliZed 
for providing jets for maintaining the virtual impactor free of 
particles is generally readily available in coal ?red poWer 
plants, but if necessary, a small compressor can be utiliZed. 
A compressed air pressure of betWeen 60 psig and 90 psig 
is adequate for permitting the sampler to operate at designed 
conditions. 
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The sampler Will maintain itself free of any particulate 
matter, as Well as ?y ash that may be in the ?ue. The sampler 
can be a compact unit and thus installed directly into a ?ue 
With stack Wall connections for the How of the clean gas 
sample to the exterior pump and analyZer, and connections 
for the compressed air pass through the stack Wall. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a schematic perspective vieW of a ?ue gas 
sampling device made according to the present invention; 

FIG. 2 is a side elevational vieW of the devices in FIG. 1 
With a cover plate removed; 

FIG. 3 is a sectional vieW taken as on line 3—3 in FIG. 
2 With broken aWay portions to shoW both ?rst and second 
exhaust passageways; 

FIG. 4 is a fragmentary sectional vieW of a compressed air 
jet used With a ?rst passageWay of a ?rst stage portion of the 
sampler of the present invention; 

FIG. 5 is a schematic representation of a How path used 
With the sampler of the present invention; 

FIG. 6 is a schematic representation of the ?oWs in a 
typical installation into the sampler of the present invention; 
and 

FIG. 7 is a modi?ed form of the sampler With valves on 
the exhaust passageWays. 

DETAILED DESCRIPTION OF THE 
ILLUSTRAT IVE EMBODIMENTS 

The virtual impactor sampler designed for sampling ?ue 
gases is illustrated generally at 10 in FIG. 1 and, it is 
positioned inside a stack or ?ue 12 containing ?ue gas 
represented at 14. This stack or ?ue can be for a coal ?red 
poWer plant or the like, Where chemicals, such as mercury, 
are in the ?ue gas, and analyZation is desired to determine 
What type of control or scrubbing equipment Would be 
effective, and to determine Whether or not environmental 
standards are met. 

The virtual impactor sampler 10 comprises a housing 16 
that has internal passageWays and noZZles as Will be 
explained for removing particulate matter from the sample 
draWn into the sampler housing 16 from the ?ue 12. The 
sampler housing utiliZes virtual impactor principles, and in 
a virtual impactor, a How of a gas is induced through the 
housing. In the present instance, referring speci?cally to 
FIG. 5, the sampler or housing indicated generally at 16 is 
connected to various components, and in this instance, the 
How through the housing passageWays for removing the 
particles is provided by a sample pump 20 that has its loW 
pressure side connected through a conduit 22 passing into 
the ?ue to a connection 21 to a chamber in the housing. The 
pump 20 provides the clean gas ?oW from the housing 16 to 
a mercury CEM 24. Other treatment devices, such as a 
chemical conversion unit 25 can be connected in the output 
from the sample pump 20. 
As seen in FIG. 1, the housing 16 includes a main body 

26 and a cover plate 28 that covers one side of the body. The 
cover plate 28 is removed in FIG. 2, for sake of clarity. 
Referring to FIG. 2, main body 26 is shoWn, With various 
noZZles in cross section for sake of illustrating the internal 
passageWays. The body 26 has an exhaust passage 30 that is 
connected to the pump 20 through line 22, as shoWn in FIG. 
2. Pump 20, as stated, provides for a How through the 
various stages of the sampler 10, and as seen, the sampler 
body 16 is formed With a ?rst internal chamber 32, into 
Which a ?rst inlet noZZle 34 protrudes. NoZZle 34 is mounted 
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4 
in a suitable opening in the side Wall of the housing 26, and 
has a central inlet passageWay or tube 36, and a tapered or 
conical shaped inlet end 38 that is open to receive the ?ue 
gas, as shoWn in FIG. 1. This ?rst inlet noZZle is removable, 
as can be seen, and it is held in place With suitable cap 
screWs .40. 

The passageWay 36 of the noZZle has a central axis 46 that 
is aligned With a bore or passageWay 48 of receiver tube or 
noZZle 44. The inlet noZZle interior end is spaced from the 
inlet end of the receiver noZZle 44. The passageWay 36 and 
the passageWay 48 are coaxial. The receiver noZZle 44 is 
mounted in a suitable recess or receptacle 50 formed in the 
housing 26. The passageWay 48 also aligns With a short 
passageWay shoWn in dotted lines in FIG. 2 at 52 that 
intersects at a cross exhaust passageWay 54, as also shoWn 
in FIG. 4, to a chamber for What is called minor or secondary 
?oW. PassageWay 54 is the discharge passageWay for the 
minor or secondary ?oW. 
The body 26 has a second interior chamber 60 that is 

connected to the ?rst chamber 32 With a cross passageWay 
58. The second chamber 60 also comprises a virtual impac 
tor major ?oW chamber. A second inlet noZZle 62 is mounted 
in a provided opening in the Wall of the body 26 leading to 
the second chamber. The inlet noZZle or inlet member 62 has 
a central second inlet passageWay 64 With a central axis 66. 
Asecond receiver noZZle or tube 68 is mounted in a provided 
receptacle along the side of the chamber 60 and has a second 
receiver passageWay or tube 70 facing the inlet passageWay 
64, and coaxial thereWith so that the axis 66 is also the axis 
of the passageWay or bore 70 forming the second receiver 
tube. The inner or outer end of the second inlet noZZle 62 and 
the inlet end of the second receiver noZZle 68 are spaced as 
Well. 

The receiver passageWay or bore 70 aligns With a short 
passageWay 72 that also intersects the cross exhaust pas 
sageWay 54, forming a secondary ?oW outlet. The short 
connecting passageWays 52 and 72 are shoWn in FIG. 4 as 
Well. 

The second inlet noZZle 62 has a tapered or conical inlet 
opening 67 leading to the passageWay 64, in the same Way 
the ?rst inlet noZZle 34 has a conical inlet. 
The ?rst and second chambers 32 and 60 and the asso 

ciated ?rst and second inlet noZZles 34 and 62, and their ?rst 
and second receiver noZZles or tubes 44 and 68 are ?uidly 
connected together and form a double noZZle ?rst impactor 
stage that causes the particles to be inertially separated and 
removed from the major portion of the How through the 
samplers, operating as Will be explained. 
The main body 26 of housing 16 also has a third chamber 

74 that has an opening in Which a third inlet noZZle 76 is 
mounted. The inlet noZZle 76 has a central inlet passageWay 
78, and a tapered inlet surface 80 open to the chamber 60. 
The inlet passage 78 has a central axis 82. A third receiver 
noZZle 84 has a receiver tube or passageWay 86 that has a 
central axis coaxial With axis 82. The third receiver pas 
sageWay or receiver tube 86 aligns With a short passageWay 
in the body 26 shoWn in dotted lines at 88 that leads to a 
cross minor ?oW exhaust discharge passage 90, forming a 
secondary or minor ?oW outlet chamber or passage. 
The major ?oW outlet passage 30 carrying clean gas, as 

shoWn, is connected to the chamber 74, so that inlet ?oW 
from the ?rst and second inlet noZZles minus the minor ?oW 
through receiver tube passageWays 48, 70 and 86 passes 
through the third inlet noZZle 76, into chamber 74, and then 
out through the passageWay 30 caused by the pump 20. This 
major, particle free How then is provided to the exterior 
pump and analyZation instrument. 
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Each of the ?rst, second and third sets of inlet nozzles and 
receiver nozzles or tubes operates as a virtual irnpactor. 
Because of the How caused by pump 20, particle laden gas 
Will enter the chambers 32 and 60, and this How is accel 
erated in the inlet nozzles. The major ?oW or largest pro 
portion of the inlet How Will turn or be diverted in the space 
betWeen the outlet end of the inlet passageways 36 and 64 
and the inlet ends of receiver passageWays 48 and 70, so that 
the How Will turn essentially 90° across the axes 46 and 56. 
Because of greater inertia, particles in the inlet How Will 
enter into the respective receiver tubes or receiver passage 
Ways 48 and 70, and then through the passageWays 52 and 
72 into the cross exhaust passageWay 54. The minor ?oW gas 
Will pass through the receiver tube passages 48 and 70, and 
Will carry the particle laden air out through the exhaust 
passage 54. The secondary or minor ?oW, in a normal virtual 
irnpactor is provided by a small pump that Would be con 
nected to the exhaust or discharge passageWay 54. HoWever, 
the minor How may be provided in a preferred manner that 
also maintains the passageWays free of particles as shoWn. 
A source of compressed air, indicated generally at 94 is 
connected With a line 96 to a compressed air passage 98 that 
is coaxial With the cross passage 54. An ori?ce 100 shoWn 
in detail in FIG. 4, is placed betWeen the passage 98 and the 
exhaust passageWay 54 so that the compressed air is accel 
erated to form a jet past passageWays 52 and 72. Particles 
that are ejected through the passageWays 52 and 72 are 
carried out the exhaust passageWay 54. The jet provides a 
secondary ?oW through the receiver tube passageWays 48, 
52, 70 and 72 the jet provides an adequate secondary How 
and is of suf?cient velocity in the exhaust passageWay 54 so 
that particles Will not adhere to the surfaces of exhaust 
passageWay 54, or to the nozzles. 

The second stage irnpactor in chamber 74, is provided 
With a minor ?oW as Well. Compressed air source 94 is 
connected With a line 102 to a passage 104 that has an end 
ori?ce 105 at its inner end that communicates With the 
exhaust passageWay 90. This again forms a jet of air rnoving 
past the passageWay 88 that carries particles into the pas 
sageWay 90 and the particles are then ejected by this ejector 
action into the passageWay 90. Both the passageWays 54 and 
90 discharge the particles back into the ?ue in Which the 
housing 16 is mounted. 

Again the second stage of the virtual irnpactor comprising 
the third inlet nozzle 76 and the third receiver tube or 
passageWay 86 shoWn in nozzle 84 provides for separation 
of the particles, in that the How out the passage 30 Will carry 
the major ?oW from both inlets in the ?rst stage to the pump 
20 and then into the analyzation instrument. The remaining 
particles that are carried into passageWay 78 are accelerated, 
and inertia Will cause such particles, pass into the receiver 
tube 86 and then in to the exhaust passage 90. 

Each of the three chambers in FIG. 2 together With the 
inlet and receiver nozzles contained therein form a virtual 
irnpactor. As the total ?oW enters the chamber through the 
inlet nozzle it is accelerated to a suf?ciently high velocity to 
cause particle irnpaction into the receiver nozzle. Most of the 
total How is de?ected sideWays and only a small portion of 
the total How is alloWed to How through the receiver nozzle 
to carry aWay the particles. The large ?oW de?ected side 
Ways is relatively clean and is referred to as the major ?oW, 
and the small ?oW through the receiver nozzle that contains 
most of the particles is referred to as the minor ?oW. In FIG. 
2, the major ?oW frorn charnbers 1 and 2 are combined and 
form the total ?oW through the inlet nozzle in the third 
chamber where it undergoes a further stage of irnpaction, 
particle removal and cleaning before the gas is sampled into 
the analyzation instrument for mercury analysis. 
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6 
In FIG. 5, a schematic representation is shoWn, With the 

sarnpler 10 that utilizes the virtual irnpactor principles, is 
mounted to the interior of a ?ue stack Wall 110. Thus the 
pump and the analyzation instrurnent can be outside the ?ue 
stack Wall 110. The compressed air source 94 provides a 
minor ?oW through the exhaust passageWays, previously 
shoWn, and this is exhausted back into the ?ue or stack With 
most of the particles in the sample. The particles are carried 
into the respective receiver tubes and then out through the 
exhaust passageWays. A pump to establish the minor How 
can also be connected to the exhaust passageWays and 
mounted either inside or outside the ?ue Wall. 

The ?ue gas inlet is indicated by the arroW 112, and this 
inlet ?oW forms a major ?oW that is draWn through the pump 
20 and is nearly particle free, as it moves through the conduit 
or line 22 to the exterior purnp. 

In FIG. 6, the representation of the body 26 is made. The 
?rst stage irnpactor is indicated at 116, and this involves tWo 
separate virtual irnpactor nozzles and tWo receivers mounted 
in the chambers 32 and 60. The How to the second stage is 
indicated at 118. The second stage 119 is in the chamber 74. 
FloW into the second stage is through a passageWay indi 
cated by the arroW 118, and is essentially the inlet passage 
Way 78 in the third inlet nozzle 76. The tWo discharge lines 
or exhaust lines that connect to the exhaust passageWays are 
indicated at 122 and 124, respectively, and both of these 
cornprise particle laden reject gas that in the preferred form 
shoWn goes back into the stack or ?ue. The major How of 
sample gas that is draWn by the pump 20 then passes out, as 
shoWn, through the passageWay 30, and this comprises a 
major ?oW indicated by the arroW 126. 
The inlet ?oWs are shown schematically as Well, and in a 

particular form of the invention, approxirnately nine liters 
per minute is draWn in through both of the inlet passageWays 
64 and 36 in the ?rst stage, and approximately 13.3 liters per 
minute are provided to the chamber 74 comprising the 
second stage, through the passageWay 78. 
The compressed air sources are shoWn separately in FIG. 

6, and they are provided to the ?rst stage and second stage 
exhaust passageWays, as explained, through ori?ces that 
provide a jet ejector action. 

This ejector action draWs the minor ?oW from the virtual 
irnpactor and ejects the particles contained therein back to 
the ?ue Without using a pump or bloWer. This is a greater 
advantage of the present invention, as the use of a pump or 
bloWer Would greatly increase the size, volurne, cost, and 
complexity of the sampler and reduce its operational reli 
ability. 

It should be noted that the dimensions of the ori?ces 100 
and 105 of the exhaust passageWays 54 and 90, and the point 
Where the receiving tubes and their short connecting pas 
sageWays 52 and 72 leading to the respective exhaust 
passageWays relative to the ori?ces, are chosen to insure that 
the static pressure draWs the minor How in a venturi like 
effect. Once the minor How and the expanding compressed 
air How have mixed, they are exhausted out of the sarnpler 
back to the ?ue gas stream. 

It should also be noted that the How from the chamber 32 
that passes through the passageWay 54 ?oWs around the 
nozzles 68 and 62, on the Way to the second stage. The 
dimensions of the major ?oW charnbers or plenurns are 
much larger than the separation betWeen the acceleration 
nozzles or inlet nozzles and the corresponding receiver 
tubes. FloW dynarnics required for the separation of particles 
in the ?rst stage, comprising the action in chambers 32 and 
60, is unaltered by the How of the gas to the second stage. 
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Another feature of the present invention is that the nozzles 
are interchangeable, and different siZe passageways can be 
used as is needed for different siZe particles that might be 
present in a particular stack or ?ue. The particles above the 
cut point siZe of the virtual impactors can be collected, and 
With the tWo noZZle ?rst stage, that is, tWo inlet passageWays 
or noZZles and tWo receiver tubes or noZZles, the pressure 
drop is kept very loW. 
As shoWn schematically in FIG. 7, a different form of 

cleaning can be obtained merely by placing valves in the 
passageWays 54 and 90, that are solenoid controlled. These 
valves could be on the exterior, and they are shoWn in FIG. 
7 in the cover plate 28. A ?rst valve 130 is mounted in a 
portion of the passageWay 90 in the cover plate 28, and a 
second valve 132 is mounted in the portion of the passage 
Way 54 in the cover plate. A controller shoWn at 134 can be 
used for energiZing the valves and closing them 
momentarily, or for a selected time, and then the compressed 
air coming through the ori?ces 100 and 105 Will cause a 
back or reverse ?oW through the receiver tubes, and also 
then provide a How of air across the inlet tubes, depending 
on the volume of How from the compressed air source. 

This Will aid in cleaning the system and making sure that, 
the particles are not adhering to the surfaces of the sampler. 

Although the present invention has been described With 
reference to preferred embodiments, Workers skilled in the 
art Will recogniZe that changes may be made in form and 
detail Without departing from the spirit and scope of the 
invention. 
What is claimed is: 
1. A sampler for obtaining a sample of a ?ue gas and 

removing particles from the sample comprising a housing 
mountable Within a ?ue carrying ?ue gas having particles to 
therein, a chamber in the housing, an inlet male from the 
exterior of the housing to the chamber, the inlet noZZle 
having an inlet passageWay through Which ?ue gas Will ?oW, 
a receiver spaced from the inlet noZZle and having a receiver 
passageWay aligned With the inlet passageWay, an exhaust 
passageWay open to an outlet end of the receiver passage 
Way and extending laterally of the receiver passageWay to 
the exterior of the housing, an ori?ce de?ned in the housing 
betWeen a compressed gas passageWay and the exhaust 
passageWay, the ori?ce being aligned With the exhaust 
passageWay, a source of compressed gas connected to the 
compressed gas passageWay to form a jet of gas exiting the 
ori?ce into the exhaust passageWay and ?oWing laterally 
across the receiver passageWay past the outlet end of the 
receiver passageWay to carry particles exiting the outlet end 
of the receiver passageWay into the exhaust passageWay. 

2. The sampler of claim 1, Wherein the chamber comprises 
a ?rst chamber, the inlet noZZle and receiver are in the ?rst 
chamber, and a How creating pump for creating a How of gas 
through the ?rst chamber that is substantially larger than the 
How of gas through the receiver noZZle. 

3. The sampler of claim 2, Wherein said inlet noZZle and 
said receiver passageWay comprise a ?rst inlet noZZle having 
a ?rst inlet passageWay and a ?rst receiver noZZle having the 
?rst receiver passageWay, a second chamber formed in the 
housing, a transfer passageWay betWeen the ?rst chamber 
having the ?rst inlet and ?rst receiver and the second 
chamber, a second inlet noZZle providing a How of gas into 
the second chamber, a second receiver noZZle having a 
second receiver passageWay aligned With the second inlet 
passageWay, the second receiver passageWay having a sec 
ond outlet end opening to the exhaust passageWay and 
positioned so the jet of- gas ?oWs past the second outlet end. 

4. The sampler of claim 3, Wherein said second chamber 
carries ?oW from the ?rst chamber and inlet ?oW from the 
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second inlet noZZle to an opening to form a discharge 
passageWay to discharge the ?oWs. 

5. The sampler of claim 3, Wherein said housing has a 
third chamber, a third inlet noZZle opening to the second 
chamber and providing a third inlet passageWay from the 
second chamber to the third chamber, a third receiver noZZle 
mounted in said third chamber and having a third receiver 
passageWay connected to an exhaust passageWay, the third 
chamber being open to an outlet passageWay. 

6. The sampler of claim 5, and an analysis instrument 
connected to receive the How from the outlet passageWay. 

7. The sampler of claim 6, Wherein said analysis instru 
ment is a mercury CEM to analyZe mercury in the gas 
carried by the outlet passageWay. 

8. The sampler of claim 5, Wherein said third inlet noZZle 
and said third receiver noZZle lie along a substantially 
common third central axis, the second receiver inlet noZZle 
and second receiver noZZle lying along a second common 
axes, the second and third common axes being substantially 
perpendicular to each other. 

9. The sampler of claim 5, Wherein said ?rst and second 
inlet noZZles and said ?rst and second receiver noZZles have 
substantially the same diameter, and Wherein the third inlet 
noZZle and third receiver noZZle have a smaller diameter 
than the ?rst and second inlet noZZles. 

10. The sampler of claim 5, Wherein said ?rst and second 
inlet noZZles and said ?rst and second receiver noZZles are 
releasably mounted to permit replacement thereof With other 
noZZles having different siZe passageWays. 

11. The sampler of claim 1 including a pump for providing 
a pressure differential to cause ?oW into the inlet and from 
the chamber, and to cause the How from the inlet to de?ect 
laterally of the inlet passageWay as the ?oW moves from the 
chamber. 

12. The sampler of claim 1, Wherein said ori?ce has an 
axis that is substantially perpendicular to a central axis of the 
receiver passageWay. 

13. Amethod for particle removal from a ?ue gas in a ?ue 
for compositional gas analysis using a virtual impactor 
comprising placing the virtual impactor in a ?ue carrying 
?ue gas having particles therein, establishing a major How 
and a minor How in the impactor to separate particles carried 
in the ?ue gas from the major How to provide a particle free 
?ue gas sample and carrying the removed particles With the 
minor ?oW, removing the major ?oW particle free ?ue gas 
sample from the virtual impactor, and using the removed 
particle free ?ue gas sample for gas analysis. 

14. The method of claim 13 including returning the minor 
How to the ?ue. 

15. The method of claim 14 including passing compressed 
gas from a source through a How restriction to form a jet past 
a minor ?oW outlet of the virtual impactor to provide the 
minor ?oW. 

16. Avirtual impactor sampler for obtaining a sample of 
a ?ue gas from a ?ue having a Wall and removing particles 
from a major portion of the sample of the ?ue gas, com 
prising a housing, a chamber in the housing, an inlet noZZle 
having an inlet passageWay for carrying a sample of ?ue gas, 
a receiver spaced from the inlet noZZle and having a receiver 
passageWay aligned With the inlet passageWay and into 
Which particles in the ?ue gas are projected by inertia, and 
thereby removed from a major portion of the ?ue gas to 
provide a clean ?ue gas sample in the chamber, a vacuum 
pump connected to the chamber through a conduit extending 
through the Wall for carrying the clean ?ue gas sample from 
the chamber, an outlet of the pump being connected to an 
analyZer, and a passageWay carrying a jet of compressed air 
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across the receiver passageway to an exhaust passageway to 
establish a minor ?ow through the receiver passageway and 
to carry particles from the receiver passageway into the 
exhaust passageway. 

17. The virtual impactor of claim 16, wherein there is an 
ori?ce positioned in the passageway carrying a jet of com 
pressed air across the receiver passageway laterally of an 
outlet end of the receiver passageway. 

18. A sampler for obtaining a sample of a ?ue gas and 
removing particles from the sample comprising a housing 
mountable within a ?ue carrying ?ue gas having particles 
therein, a ?rst chamber in the housing, a ?rst inlet noZZle 
from the exterior of the housing to the ?rst chamber, the ?rst 
inlet noZZle having a ?rst inlet passageway, a ?rst receiver 
spaced from the ?rst inlet noZZle and having a ?rst receiver 
passageway aligned with the ?rst inlet passageway, an 
exhaust passageway open to an outlet end of the ?rst 
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receiver passageway, an ori?ce de?ned in the housing 
between a compressed gas passageway and the exhaust 
passageway, a source of compressed gas connected to the 
compressed gas passageway to form a jet of gas exiting the 
ori?ce into the exhaust passageway and ?owing past the 
outlet end of the ?rst receiver passageway,and a second 
chamber in the housing, said second chamber having a 
second inlet noZZle having a second inlet passageway and a 
second receiver having a second receiver passageway 
aligned with the second inlet passageway and spaced 
therefrom, the second receiver passageway having a second 
outlet adjacent the ori?ce and opening to the exhaust 
passageway, the ?rst chamber and the second chamber being 
?uidly connected to permit gas ?ow therebetween. 
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